INTRODUCTION
Promoting higher levels of physical activity has become a public health priority (1, 2) . During the past 15 years, there has been a growing interest in built environment characteristics that are supportive of walking when developing sustainable population-level strategies to increase levels of physical activity (3) . Recent literature has emphasized that different types of interventions may be needed to promote walking for recreation and walking for transportation since findings suggest that different environmental characteristics are associated with these two components of walking (4) (5) (6) .
Environmental characteristics such as land use mix (7, 8) , residential density (9, 10), neighborhood educational level (11, 12) , access to recreational and utilitarian destinations (9, 11, (13) (14) (15) , access to greenness and public open spaces (11, (15) (16) (17) (18) , street connectivity (19) , walking infrastructures (7, 8, 20, 21) , and aesthetics and pleasant environmental features (7, (19) (20) (21) (22) (23) (24) have been positively associated with recreational walking.
This available empirical evidence is mostly derived from studies exclusively focusing on the residential neighborhood. Usual representations of the exposure area to environmental conditions include administrative units or residence-centered buffers. These geographical home-centered definitions of exposure areas do not account for individual daily mobility and corresponding non-residential exposure (25, 26) . The concept of activity space has been introduced in health research to emphasize that studies should consider the effects on health of both residential and non-residential environments (27) (28) (29) (30) . Findings for various outcomes suggest that activity space exposure may be more strongly associated with health than the traditional residential exposure measures (31) (32) (33) (34) (35) . Studies accounting for daily mobility are becoming more common but remain scarce. One Australian study compared the associations between built environment characteristics and recreational walking when using both GPS
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locations and standard buffers to capture environmental characteristics and observed differences in associations depending on the spatial definition of the exposure area (36) .
Several mobility and health studies have used GPS data to examine the type of environments in which physical activity episodes occur (37) (38) (39) (40) (41) (42) (43) . To our knowledge however, no study has investigated the associations of multiple environmental exposures within and outside the residential neighborhood with recreational walking.
The aims of the present study were i) to investigate associations between both residential and non-residential environmental exposure and recreational walking; and ii) to examine the effect of environmental conditions around each type of locations visited (workplace, services, recreational destinations, and social destinations) on recreational walking.
MATERIAL AND METHODS

Study population
The present study relied on data from the second wave of the RECORD Cohort Study (44) . reported at least one non-residential destination (e.g., a workplace, a supermarket, etc.). The
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study protocol was approved by the French Data Protection Authority. All the participants signed an informed consent to enter the study.
Assessment of participants' activity space
Self-reported locations visited (i.e., the set of destinations visited by participants) were geocoded using the VERITAS software (29) . The electronic questionnaire records the geographic location of the place of residence and of a series of other possible destinations regularly visited by the participants. (53) . This confounding bias stems from the fact that it is not the environmental conditions around these selected locations that encouraged participants to walk, but the willingness to walk that led to visit these locations to walk. Therefore, considering the exposure at the locations specifically visited to do recreational walking when calculating environmental exposures could lead to bias.
Consequently, all the locations that were regularly visited to perform recreational walking where removed to determine the exposure areas of interest. We screened all the names of the reported locations visited to perform recreational activities and excluded all locations A C C E P T E D M A N U S C R I P T
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referring to "promenade", "walking", "walking with a dog", "brisk walking", "Nordic walking", and "hiking".
The exposure area around each visited location was computed as a street-network buffer with a radius size depending on the type of activity performed at the location. Since no information on the time spent at each visited location was available to weight the exposure accordingly,
we attributed different radius sizes to the different groups of locations visited as an attempt to account for the varying exposure potential at the different types of locations. Larger buffer sizes were applied to visited locations where individuals are likely to spend more time and have more opportunity to explore the surroundings (29) . Street network buffers of 1000m
were used around the residence and the workplace, 200m around the services, and 500m
around both recreational and social activities.
Overall, six exposure areas were used: the residence space, the residence-work space -i.e., the combination of the residence and the work space -, the residence-service space, the residence-recreational space, the residence-social space (Figure 1) , and finally a comprehensive exposure area encompassing all buffers around all reported visited locations, i.e. the total activity space. When combining areas, the potential overlap was suppressed.
Measures
Recreational walking
During their visit at the health center, in addition to the VERITAS questionnaire, the participants were invited to fill a computerized questionnaire on a PC tablet (both selfadministered and administered by a technician). Participants were asked to report retrospectively the overall number of hours and minutes they had walked over the previous seven days for leisure or exercise. To ensure that the participants were able to identify 
Individual variables
The following socio-demographic characteristics were considered for adjustment: age, sex, individual education (4 categories: no education and primary education, lower secondary education, higher secondary education and lower tertiary education, and upper tertiary education), employment status (4 categories: stable job, precarious job, unemployed, and retired), household income per consumption unit (tertiles: 1,222 and 2,125 euros/month), marital status (living alone or in a couple), and living with at least one child under the age of fourteen. These environmental variables were computed within each of the six exposure areas described above, using Python scripts and ArcInfo 10.
Environmental variables
Statistical analyses
To investigate the associations between the individual and environmental variables and recreational walking, we estimated zero-inflated negative binomial models (ZINB) (54, 55) using SAS 9.3. Recreational walking time can be considered as an over-dispersed count variable due to an excess of zeros (people who do not walk for recreation). Regular Poisson or negative binomial regression models are unable to handle correctly this kind of distributions.
The ZINB regression consists of two parts: a zero-inflated part that models the odds of not reporting any recreational walking, with coefficients interpreted as odd ratios, and a count part that models recreational walking time among walkers, with coefficients interpreted as a percentage change.
The model building strategy involved seven steps. Model A included all individual sociodemographic variables. Model B to G included also the environmental variables for the following exposure areas: residence space (B), residence-work space (C), residence-service
, residence-recreational space (E), residence-social space (F), and total activity space (G). Akaike Information Criterion (AIC) are reported for each model ( Tables 4 and 5 ).
RESULTS
Description of the study sample
From the initial available sample of 5487 participants living in the Ile-de-France region, we excluded 996 participants who regularly traveled outside the study area, 108 participants who regularly visited their secondary home, 3 participants with missing socio-demographic data and 15 participants with missing neighborhood education level data. The final study sample included 4365 adults. Descriptive information is provided in Table 2 .
Overall, the median time of recreational walking over the previous 7 days was 180 minutes (interquartile range = 60, 360). Some 686 participants declared no recreational walking at all (16%). The participants reported a median number of 13 distinct locations visited (interquartile range = 10; 16) and a median number of 19 visits per week to all these locations (interquartile range = 13; 25). Summary statistics regarding the sizes of participants' activity spaces are provided in Table 3 .
Associations between socio-demographic variables and recreational walking
Associations between individual/environmental variables and the odds of not reporting any recreational walking (the zero-inflation part) are reported in Table 4 . Associations between individual/environmental variables and the time spent walking among walkers (the count part)
are reported in Table 5 . Regarding the first part of the model, higher odds of not reporting any recreational walking were observed among participants with a low or middle low educational
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status. However, this relation disappeared when accounting for environmental characteristics.
Being retired decreased the odds of not reporting any recreational walking time by 43%, compared to participants with a stable employment status.
As show in Table 5 , among recreational walkers, being a male, having a low or middle low individual education, having a precarious employment status, being unemployed, or being retired were associated with an increase in recreational walking time, while living with at least one child under the age of fourteen was associated with a 11% decrease in recreational walking time. These associations were stable when accounting for residential and/or nonresidential environmental variables.
Associations between residential neighborhood variables and recreational walking
After controlling for individual characteristics, the odds of not reporting any recreational Table 4) .
As shown in Table 5 , only the density of destinations was associated with the time spent walking among recreational walkers. Compared to low density neighborhoods, the time of walking increased by 14% in medium, and by 22% in high density neighborhoods.
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Associations between activity space environmental variables and recreational walking Models C to F are interested in the effect of adding to the residential space, separately the work space (C), the service space (D), the recreational space (E) and the social space (F), and of adding all of these visited locations (G) in the definition of environmental exposures.
The AIC was higher -thus the fit of the model poorer -in the models considering the work space, the service space, and the social space in addition to the residential environment in the definition of the exposures. The fit of the model was better in the model considering the recreational space in addition to the residential space. Model fit was slightly better in the model considering the full activity space.
In addition to the drop in AIC, differences in the strength of the associations were observed according to the definition of the exposure area. Regarding the odds of not reporting any recreational walking (Table 4) , the association with the presence of a lake or waterway disappeared in all models, except in the model accounting for the residence-recreational space. The association between the density of destinations and the odds of not reporting any recreational walking was stronger in the residence-recreational space than in the model with residential variables only (and to a lesser extent in the model considering the full activity space).
Regarding the other part of the model (Table 5) , the recreational walking time among walkers remained associated with the density of destinations when considering the non-residential spaces. The association was only slightly stronger in the model for the residence-recreational space.
DISCUSSION
Overall, a high density of destinations, the presence of a lake or waterway, and a high neighborhood education were associated with higher odds of recreational walking, while a high density of destinations was also associated with a higher amount of recreational walking time. Accounting for exposure to environmental factors in the recreational locations visited improved the prediction of the odds to undertake recreational walking and of the walking time. Accounting for other locations visited (workplace, services, social activity locations) did not contribute.
When accounting for the residential neighborhood only, the presence of a lake or a waterway was associated with reporting any recreational walking, while no association was found with time of recreational walking. This is in line with a study in Australia that showed a positive association between access to the beach and the likelihood of walking for recreation (22) .
Similarly, the association between neighborhood education and recreational walking is consistent with previous research (11, 12, 21) . The observed positive association between the density of destinations and both reporting and total time spend in recreational walking confirms our hypothesis and is in line with previous studies (5, 9, 19, 49, 56) .
No effect of accessibility to green spaces was observed, but findings on this topic are mixed.
Some have reported positive associations (16) (17) (18) , including a previous study based on the first wave of the RECORD Cohort Study (11), while others have reported null findings (22, 57) . A recent review on the subject reported that 44% of the studies found associations between green spaces and recreational walking (5). Interestingly, a longitudinal study found green spaces to be associated with the maintenance of recreational walking but not with its initiation (58).
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When accounting for both residential and non-residential environments, the odds of walking were no longer associated with the presence of a lake or a waterway, while the other associations were fairly stable. The odds of reporting no recreational walking remained associated with the density of destinations and with neighborhood education while the recreational walking time remained associated with the density of destinations.
The Another interpretation however, may be that the drop in AIC and slight increase in the strength of associations was attributable, not to an effect of these recreational environments, but to the fact that, despite the exclusion of locations visited for recreational walking, some of these recreational locations were specifically visited to do recreational walking (residual selective daily mobility bias). According to this hypothesis, the observed increase in the associations would be attributable to the fact that with these locations we identify people with specific interest and preferences for recreational activities including recreational walking. The increase in effect size and fit would then be due to a causal effect of preferences and values rather than to a causal effect of environmental conditions (29, 53) .
Assuming that the patterns of associations reported reflect causal effects of the environments (which our cross-sectional study cannot firmly establish), our results also suggest that when accounting for daily mobility in health studies, all types of visited locations do not equally contribute to the understanding of neighborhood effects on health. Considering some of these locations may add noise to the environmental measures of interest, with the type of visited locations adding noise depending on the outcome (e.g., the workplace when investigating recreational walking).
Strengths and limitations
The main limitation of the study is its cross-sectional design. It prevented us from taking into consideration residential neighborhood self-selection. A recent systematic review emphasized that studies show an attenuation of the association between built environment characteristics
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and physical activity when accounting for neighborhood self-selection (3), calling for more experimental or quasi-experimental designs to isolate the effect of the built environment on walking behavior. Finally, we acknowledge that our analyses should be replicated with other population samples and by considering other environmental factors (e.g., air quality and noise, social-interactional processes, etc.). We also emphasize that it would be relevant to perform comparative analyses of recreational and transportation walking considering residential and non-residential environments, to evaluate the extent to which urban planning interventions may have consistent effects on the different components of walking behavior.
A strength of our study is the large sample size with precise geocoding of the visited locations. For each visited location, the nature of the activity performed was known. Based on this information, this study is one of the first to address the selective daily mobility bias by excluding locations that were specifically visited to do recreational walking. Ignoring this generally leads to an over-estimation of the associations between environmental characteristics and health behaviors (29, 53) . Another strength is the operationalization of our activity space exposure measures to assess the specific contribution of each portion of the activity space.
CONCLUSION
In conclusion, exploring the potential contributions of different portions of the activity space to environmental influences on walking supports the idea that it is useful to take into account non-residential environments when investigating contextual determinants of recreational walking. Taking into account the environment around the recreational locations visited contributed to a better understanding of environmental effects on recreational walking.
Finally, our findings contribute to suggest that creating supportive built environments around
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the residence could stimulate recreational walking. A complementary place-based intervention, which will have to be evaluated using experimental or quasi-experimental designs, would be to create supportive environments around recreational destinations like sport and cultural facilities in the Paris metropolitan area, to increase recreational walking among people using or traveling to these facilities.
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